A previous study demonstrated that the incorporation of bioactive glass (BG) into poly (lactic-co-glycolic acid) (PLGA) can promote the osteoblastic differentiation of marrow stromal cells (MSC) on PLGA by forming a calcium phosphate rich layer on its surface. To further understand the mechanisms underlying the osteogenic effect of PLGA-BG composite scaffolds, we tested whether solution-mediated factors derived from composite scaffolds/hybrids can promote osteogenesis of marrow stromal cells. The dissolution product from PLGA-30%BG scaffold stimulated osteogenesis of MSC, as was confirmed by increased mRNA expression of osteoblastic markers such as osteocalcin (OCN), alkaline phosphatase (ALP), and bone sialoprotein (BSP). The three-dimensional structure of the scaffolds may contribute to the production of cell derived factors which promoted distant MSC differentiation. Thus PLGA-BG composites demonstrates significant potential as a bone replacement material.
Introduction
In a study in which human osteoblast-like cells were cultured on a silicon containing compound zeolite A, it was found that the increase of cell DNA synthesis and alkaline phosphatase (ALP) activity was dose dependent. The authors indicated that it was due to the dissolution products of zeolite A [1] . Other experiments with ROS cells showed that cells surrounding porous bioactive glass disks expressed obviously higher ALP activity than untreated controls [2, 3] . It was also observed in a previous study that rat marrow stromal cells (MSC) present on the tissue culture plastic immediately around the dense bioactive glass (BG) discs were producing significantly more ALP than distant cells [4] . These results support the hypothesis that the effect of BG on cells is at least partially solution mediated. This effect could then be attributed to the dissolution products from the glass. These observations form the basis for the present study on the solution-mediated effect of poly (lactic-co-glyclic acid)-bioactive glass (PLGA-30%BG) composite on MSC described here. The major focus was to test whether incorporation of the BG into PLGA would lead to the solution-mediated effects on osteogenic commitment of MSC. Another goal was to examine the mechanisms causing such solution-mediated effects of BG.
Methods and Materials
PLGA-30%BG microspheres were produced by emulsification as described in a previous study [5, 6] . Cells were physically separated from PLGA-30%BG scaffolds by using permeable membranes (Falcon cell culture inserts), as is shown in figure 1 . The scaffold with cells was denominated as "seeded scaffold". Rat MSC were cultured in plastic wells in the presence of, but physically separated from, PLGA-30%BG scaffolds with and without cells seeded. The rat MSC cultured on the plastic wells was denominated as "distant cells". The ability of distant cells to undergo differentiation was tested without osteogenic inducers and with dexamethasone. The ALP activities of the distant cells were measured after 9 days. Cells, which showed elevated ALP activity, were further assayed for the mRNA expression of ALP and other osteoblast maturation markers such as osteocalcin (OCN) and bone sialoprotein (BSP). The negative controls for each experiment were rat MSC cultured in tissue culture wells containing membranes and seeded and unseeded PLGA scaffolds (Figure 1) . The mRNA expression of the osteoblast maturation markers was measured by realtime PCR. Sample cells were lysed directly in a TRI reagent, RNA of cells was isolated through phase separation, precipitation, RNA wash, and solubilization. Quantified RNA was used to formulate cDNA in the reverse transcription reaction. The synthesized cDNA was added to realtime PCR, the mRNA expression level of osteopontin, as well as OCN and BSP was determined. All measurements were made in triplicate and expressed as means ± standard deviations. 
Results and discussions
The cell culture medium exposed to the isolated PLGA-30%BG scaffolds alone promoted the osteogenesis of the distant cells on the tissue culture plastic wells (Figure 2 ). This suggests that either glass dissolution product is responsible for the osteogenesis or that molecules in solution have been activated in contact with the glass derived surface reaction layer on the composites. In the presence of seeded PLGA-30%BG scaffolds, the distant cells on culture plastic wells expressed the highest level of alkaline phosphatase activity. This suggests that either cellular contact with the composites enhance the concentration of glass dissolution product in the medium or soluble factors derived from cells that adhere to the scaffold contribute to stimulating the osteogenesis of the distant cells. In negative controls, the distant cells in presence of the seeded PLGA scaffold also demonstrated an increased ALP activity and the scale of increase is comparable to that in the seeded PLGA-30%BG scaffold, suggesting that the increase of ALP activity is independent of BG component in the scaffold. Thus, the possibility that cellular contact with the composites enhance the concentration of BG dissolution product in the medium was ruled out. It were soluble factors produced by seeded cells on the scaffold that stimulate the osteogenesis of the distant cells. It is possible that the three dimensional structure of scaffolds contributed to stimulating seeded cells on scaffolds to produce soluble osteogenic factors, which diffused into the medium and promoted the osteogenesis commitment of distant MSC on plastic wells. The analysis of gene expression of ALP, OPN, OCN and BSP using realtime PCR confirmed the above observations ( Figure 3 ). MSC cultured in the plastic wells expressed a higher mRNA level of all markers in the medium conditioned by PLGA-30%BG scaffolds than by PLGA scaffolds.
Conclusions
Herein, we demonstrated that porous PLGA-30%BG composites promote osteogenic commitment of MSC through solution-mediated factors. The dissolution product from BG components in the scaffold or solution molecules activated by glass derived surface layer, in concert with the threedimensional structure of scaffold, contributes to the solution-mediated effect on osteogenesis of MSC. This followed from the increased mRNA expression of osteogenic markers such as ALP, OCN, and BSP.
